Abstract: Species-specificity of facilitative interactions is ecologically relevant for community organization and dynamics. The prevalence of heterospecific facilitation which is found between higher plants seems an evolutionary paradox since beneficiary heterospecifics can compete with, and even replace, their nurse. An extensive review on facilitative interactions for both higher plants and sessile aquatic organisms is presented. The study reports on the occurrence of positive interactions between conspecifics and heterospecifics, in relation to different growth forms and facilitative mechanisms in terrestrial and aquatic environments. Four hypotheses are considered to explain the observed rarity of conspecific compared to heterospecific facilitation: 1) the occurrence of plant-induced unsuitable recruitment conditions (negative conspecific plant-soil feedback and hump-shaped recruitment distribution), 2) higher competition levels between conspecifics, 3) the prevalence of non-facilitated regeneration niche for nurses, and, 4) differences in the research effort. Self-facilitation is reported much more rarely in terrestrial vegetation (5.3% of 1554 cases of facilitiative interactions), than in aquatic ecosystems (36.2%, n = 130). In absolute terms, far more occurrences of heterospecific facilitative interactions are reported for all growth forms. However, when the occurrences of facilitative interactions are expressed as a percentage of the total con-and heterospecific interactions, annual and perennial herbaceous nurse plants show prevailing conspecific interactions, while woody (trees and shrubs) nurse species mostly show heterospecific facilitation. Increase of soil nutrient fertility, improvement of above-ground microclimate, associational refuge and seed trapping are the most common mechanisms of heterospecific interactions. Differently, conspecific facilitation is mostly due to improved soil biotic conditions, changes in fire regimes and reduction of heterospecific competition. Given the frequently reported occurrence of non-facilitated regeneration niche for nurse species, conspecific negative feedback and hump-shaped recruitment distribution in terrestrial plants, these processes are suggested as significantly contributing to explain the observed rarity of conspecific facilitation.
Introduction
Positive non-trophic environment-mediated species interactions (facilitation) have been reported for a variety of plant communities (reviewed in Callaway 2007 , Brooker et al. 2008 . Many studies on facilitation explored how this was affected by the intensity of abiotic stresses (Bertness and Callaway 1994) , the involved mechanisms (Holzapfel and Mahall, 1999) , and the potential applications for ecosystem restoration (Gómez-Aparicio et al. 2004) .
Facilitation can occur between individuals of the same or different species that are defined as conspecific and heterospecific respectively. Facilitative interactions have been related to the amelioration of environmental conditions by reduction of solar radiation (Bader et al. 2007 ), buffering of temperature extremes (Callaway et al. 2002) , local increase of available resources such as nitrogen (Maron and Connors 1996) and water (Kennedy and Sousa 2006) , protection from grazing (Callaway 2007) , salinity reduction (Bertness and Shumway 1993) and substrate stabilization (Crain and Bertness 2005) . In broad terms, both conspecifics and heterospecifics should be able to benefit of these better conditions. Since seed dispersal declines with distance from the seed source (Nathan and Muller-Landau 2000) , under the crown of adult conspecifics seed availability cannot be a limiting factor for seedlings recruitment, but it could easily limit the recruitment of heterospecifics under potential nurse plants. For this, the accumulation of seeds under an established plant i.e., seed trapping, is recognized as an important ecological mechanism for heterospecific facilitation Jurado 2003, Callaway 2007) .
In evolutionary terms, the concept of extended phenotypes (Dawkins 1982) implies that a living organism may induce environmental modifications leading to direct positive effects on the individual and species fitness by improving its performance and/or that of its offsprings (Jones et al. 1997) . Wilson and Agnew (1992) further speculated that it would be strange if plants modified the surrounding environment disfavoring their persistence. Wied and Galen (1997) extended this concept arriving to define plant parental care as the positive effect of adult plants on the recruitment of conspecifics.
However, these evolutionary considerations sharply contrast with the evidences of published research results. Positive interactions seem to be prevailing among heterospecific COMMUNITY ECOLOGY 11(2): 148-159, 2010 individuals. Callaway (1995) reported 4 cases of conspecific positive interactions out of 44 experimental cases with identified species. Flores and Jurado (2003) analyzed 429 experimental cases of positive interaction and found only 28 examples of self-facilitation (6.5%). The prevalence of heterospecific facilitation also seems an evolutionary paradox, taking into account that a beneficiary plant, once mature, can compete and even replace its nurse (McAuliffe 1988 , Valiente-Banuet et al. 1991 , Flores-Martinez et al. 1994 .
Despite the potential crucial role of facilitation for plant community dynamics, little attention has been paid to the species-specificity of this interactive process (but see Callaway 1998, Flores and Jurado 2003) . This work aims at assessing if the relative occurrence of con-and heterospecific positive interactions among higher plants follows the trends previously reported (Callaway 1995, Flores and Jurado 2003) , by using an updated and much larger dataset. To this purpose, an extensive literature review on positive interactions among terrestrial higher plants and sessile aquatic organisms was carried out. Since facilitative interactions are widespread also in aquatic environments (Bruno et al. 2003) , the review was extended to sessile aquatic organisms. A comparison of terrestrial and aquatic sessile organisms has not been reported so far in the frame of facilitation studies, despite some fundamental similarity between these organisms (Worm and Karez 2002) , e.g., local competition for available space and because of spatially structured habitats delays of competitive exclusion (Stoll and Prati 2001) . This comparison has been demonstrated useful in the study of mechanisms allowing species coexistence in terrestrial and intertidal communities (Worm and Karez 2002, Bruno et al. 2003) . The presented study has been specifically focused to assess if the relative occurrence of con-and heterospecific facilitation showed significant differences between terrestrial and aquatic environments. A statistical analysis of frequency distribution of different types of facilitation has been done in relation to the growth forms and the underlying mechanisms reported in literature.
Besides this descriptive and quantitative analysis, this paper attempts to clarify the underling causes behind the observed rarity of conspecific facilitation. This is done by evaluating the consistency of four different causal hypotheses:
• limited conspecific recruitment of nurse plants due to conspecific plant-soil negative feedback;
• higher competition in conspecific than heterospecific interactions;
• prevalence of non-facilitated regeneration niche for nurse species (i.e., nurses do not require sheltering for their recruitment, sensu Valiente-Banuet and Verdú [2007] );
• different research effort on con-and heterospecific relationships.
Methods

Descriptive analysis
Papers published between 1909 and 2007 have been searched concerning positive interactions among higher plants and aquatic sessile organisms. An extensive bibliographic survey was carried out in all international ecological journals by online access to Biological Abstract, Science Citation Index, Science Direct and JSTOR. Used key words were beneficiary, facilitation, nurse, positive feedback, positive interaction, commensalism, symbiosis and protégée. Many articles were identified from references of previously collected papers.
Only papers including quantitative data about the involved taxa were considered. Therefore, studies not referred to specific nurse and beneficiary species were excluded from the analysis. Both direct and indirect evidences of facilitation, such as experimental works and spatial associations between species were included as an evidence of facilitation (Callaway 2007) , although the latter pattern might be due also to external factors (e.g., patchy distribution of soil resources).
Relative abundances and/or performances at individual scale (e.g., survival, growth, reproductive output) were considered as facilitation measures when assessed either in the proximity of conspecific, heterospecific or in gaps with no vegetation cover. Measures at species scale were also considered, as in the case of fire-effects studies reporting of species gaining benefits by increasing fire frequency.
The growth forms of nurse and beneficiary species were classified as: trees, shrubs, perennial and annual herbs (including forbs and grasses), cacti and lianas. Species of all growth forms were identified as nitrogen fixers or not. Data concerning vascular epiphytes, which depend for their survival on trees, were not included in this study. Aquatic organisms were classified in sessile animals and plants (including higher plants and algae).
The mechanisms producing the facilitative interactions were reported as proposed and/or identified in the different papers according to the following categories: 1) improvement of above-ground microclimate (e.g., reduction of excessive temperature or solar radiation by shading, increase of temperature and protection from frost in cold climate, etc); 2) modification of soil nutrient fertility (either increase or decrease); 3) modification of soil water availability (either increase or decrease); 4) improvement of soil abiotic conditions (e.g., pH buffering, reduction of soil salinity, substrate stabilization, oxygen increase, etc); 5) modification of soil biotic conditions (e.g., enhanced mycorrhizal inoculum, shifts in soil microbial communities composition, etc), identified as positive or negative as proposed in the source papers; 6) protection from grazing, hereafter indicated as associational refuge; 7) modification of fire regime (either increase or decrease); 8) seed trapping (i.e., seed transport to favorable sites for establishment, growth or reproduction; Callaway 2007); 9) physical support, and 10) reduction of heterospecific competition. For aquatic systems two additional mechanisms were considered: 11) providing substrate for the attachment of sessile organisms, and 12) release of chemical attractors. Facilitative interactions related to pollinators activity (Allee effect, Callaway 2007), have not been considered since these are not mediated by environment modifications.
According to the potential capability to replace their nurses, the beneficiary species can be classified as nurse replacers when belonging to a potentially larger growth form (e.g., trees facilitated by any other growth forms) or to the same growth form of their nurses (e.g., both trees). Differently, a not replacer is a plant still capable to compete with its nurse but unable to replace it in the community (e.g., herbs under shrubs or trees). In the case of aquatic organisms, the classification of beneficiary species as nurse replacers and not replacers was done case by case according to the adult sizes of the interacting organisms. For example, small barnacles growing over mussels, or epiphytic algae growing over kelp or polychaetes were considered not replacers, while seaweeds growing under seagrasses or large mussels growing close to barnacles or algae were defined as nurse replacers. The classification of beneficiary plants in nurse replacers and not replacer bear importance for community organization because only in the first case facilitation drives to a directional substitution of the nurse plant.
Finally, the occurrences of facilitative interactions with either conspecific or heterospecific of the same or different growth forms were analyzed to assess if the observed rarity of conspecific facilitation was a species-dependent or a growth form dependent effect (e.g., tree seedlings facilitated by different growth forms, conspecific trees or heterospecific trees).
The statistical analysis of positive interactions was done on contingency tables of two dichotomous variables: the species-specificity (con-or heterospecific) and either a growth form or a mechanism. For each contingency table the Yates corrected Chi-square (StatSoft, 2001) and tests based on randomization repeated 10000 times (Slade and Hall 1999) were computed. Following a restrictive interpretation criterion, only the differences that resulted significant by both tests have been reported as significant.
Hypotheses evaluation
In this work, we propose four hypotheses to explain the observed rarity of conspecific facilitation among higher plant in terrestrial ecosystem (Table 1) . Each hypothesis is described in the following sections.
Negative feedback on conspecific
Plants modify their surrounding environment with simultaneous positive and negative effects on coexisting species (Holmgren et al. 1997) . Negative effects may overcome the positive ones and this has been related to the build-up of soilborne pathogens inoculum (Van der Putten et al. 1993) , the attraction of predators (Janzen 1970) , and the release of phytotoxic compounds from decaying litter (Bonanomi et al. 2008) . Only one study (Bonanomi et al. 2008 ) specifically detected and quantified the positive and negative effects of a nurse plant on both conspecific and heterospecific, also showing the relationship between facilitative interactions and the so called hump-shaped distribution (i.e., the recruitment of a species peaking at an intermediate distance from the adult conspecific). This recruitment pattern is reported as Janzen-Connell distribution (Janzen 1970 ) when related to the activity of specialized plant enemies such as herbivores and pathogens. A distance-and density-dependent mortality in the proximity of adult conspecific can also be caused by autotoxic root exudates and decaying litter (Perry et al. 2005) , and conspecific competition (Whittaker and Levine 1977) . Independently from its causal mechanisms, the hump-shaped pattern can be considered an indirect evidence of negative environmental conditions for conspecific Table 1 . Summary of the four hypotheses proposed to explain the rarity of conspecific facilitation among higher plant in terrestrial ecosystems.
recruitment combined with dispersal limitation. Reported evidences of hump-shaped distribution for terrestrial higher plants, aquatic plants and sessile animals have been reviewed. Literature was searched for the key words humpshaped recruitment distribution, Janzen-Connell distribution, recruitment and repulsion. Papers reporting less recruitment under conspecific than under heterospecific, without specifying any type of distribution form or a recruitment peak at a certain distance from conspecific adults, were also considered. These types of recruitment were pooled as indirect evidences of species-specific negative effects on conspecific.
The previous work of Mazzoleni et al. (2007) provided the starting database on direct evidences of conspecific negative plant-soil feedback for both terrestrial and aquatic plants. Here, the review has been extended to negative feedback in sessile aquatic animals. The key words attach substrate, dieback and negative feedback were used for this bibliographic search.
Then, the database of terrestrial and aquatic facilitation has been cross-compared with those of hump-shaped distribution and conspecific negative feedback to identify nurse species showing negative feedback on their own recruitment.
Competition levels in conspecific and heterospecific interactions
The balance between competitive and facilitative process determines the net outcome of plant-plant interactions (Holzapfel and Mahall 1999) . Under a potential nurse plant, the conspecific beneficiary individuals may suffer competition by: (i) the adult conspecific; (ii) the juveniles of conspecific; (iii) the juveniles and adults of heterospecific. If conspecific seedlings suffered more than heterospecific for crowding under the nurse plant (Moro et al. 1997) , the recruitment of heterospecific could be advantaged. The reviews by Connell (1983) , Goldberg and Burton (1992) , and Moles and Westoby (2004) , based on an explicit comparison between relative strength of con-and heterospecific competition represented the data source for the evaluation of competition level hypothesis. We are aware that the first two reviews (Connell 1983, Goldberg and Burton 1992) are not recent, while the third one is focused on the specific topic of sources of seedling mortality (Moles and Westoby 2004) . However, no recent extensive research has been published so far comparing the role of con-and heterospecific competition in terrestrial plants, nor the extensive data set compiled during this study could be used to address the competition hypothesis.
Recruitment requirement of nurse species
Valiente-Banuet and Verdú (2007) classified the plant regeneration niche as facilitated or non-facilitated depending on sheltering requirements. If the seedlings of most nurse species would not require sheltering, the observed rarity of positive conspecific interactions would be explained. This hypothesis was evaluated by an analysis of the data set that identifies: (i) nurse species which are not beneficiary; (ii) nurse species that are facilitated either by conspecific or by both conspecific and heterospecific, and (iii) nurse species that are facilitated only by heterospecific.
Nurse species were considered in the non-facilitated regeneration niche category if they explicitly had been investigated for facilitation with negative results, but also in the case they had not been reported in literature as beneficiary. This latter case would simply reflect the lack of interest of researchers in understanding the eventual nurse recruitment facilitation. In this way, the criterion to evaluate the regeneration niche hypothesis can be considered rather conservative, since the nurse species not requiring facilitation could have been overestimated.
Research effort
An unbalanced research attention, more focused on heterospecific facilitation, could explain the rarity of conspecific positive interactions. If this were true, the observed pattern would not depend by any ecological mechanism. Ideally, one should test this hypothesis by referring the frequency of each type of interaction to that at which such patterns are addressed by researchers. This would imply asking information to any one who ever investigated on facilitative interactions, which is obviously not feasible. By forcedly relying on published data only, an indirect but practical approach was used to evaluate the consistence of this hypothesis. In detail, the comparative analysis (conspecific vs. heterospecific) was based only on papers including either the whole community or an unbiased subset of coexisting species, such as all the possible beneficiaries (conspecific and heterospecific) for each nurse species. This approach, focusing only on studies that analyzed both con-and heterospecific interactions at the same time, should be less affected by research effort bias.
In general terms, publication bias for negative results exist, since negative or non-significant results are less likely to be published, and this could affect the data considered in this paper. This potential caveat appears not substantial to address the aforementioned question (relative occurrences of con-vs. heterospecific interactions). In contrast, this study cannot give any insight about the general role of facilitative interactions in natural systems, since it is not possible to provide the observed occurrences of facilitative interactions in relation to that of non-facilitative interactions detected in the same studies.
Results
Facilitation in terrestrial and aquatic ecosystems
A total of 1554 and 130 facilitative interactions have been reported for terrestrial and aquatic environments from 419 and 81 articles, respectively (Appendices S1 and S2 in Supplementary material). In terrestrial ecosystems, the reported number of nurse and beneficiary species was 474 and 969 respectively. Of the aquatic interactions, 52 involved only sessile animals, 53 only plants (higher plants and algae), and 25 concerned animals and plants.
For terrestrial plants, the occurrence of conspecific facilitative interactions was limited (n = 83), compared to the heterospecific cases (n = 1471) ( Table 2) . If the analysis was done only on nurse replacer species, the relative occurrence of conspecific interactions doubled, but still remained less than 10% (Table 2 ). Most reported cases of facilitation referred to nurse species facilitating beneficiary species with potential capability of nurse replacement (Figure 1 ). This observation seems obvious when referred to small sized plants (e.g., herbs), but it holds also for large woody species, with more than 40% occurrence of beneficiary species classified as nurse replacer. Differently, a higher frequency of facilitative interaction on not replacer species was found in aquatic environments (Figure 1 ). For aquatic plants and sessile animals, the occurrence of conspecific interactions is respectively six times and eleven times higher than in terrestrial environments (Table 2) . If in the aquatic environments the not replacer were excluded from the analysis, the frequency of conspecific facilitation increased, thus overtaking the values of heterospecific occurrence for both animals and plants ( Table 2 ).
The apparent rarity of conspecific facilitation in terrestrial systems appears as a species-dependent effect, rather than a growth form-dependent effect, at least for tree, shrub and perennial species (Figure 2) . In fact, within each growth form, conspecific provide facilitation in a very limited number of cases (always less than 10%) compared to heterospecific (Figure 2) . Trees, shrubs and perennials are facilitated chiefly by heterospecifics regardless of their life form while annuals, cacti and lianas are predominantly facilitated by heterospecifics that differ in life form (Figure 2 ). Different growth forms of nurse species showed different con-and heterospecific facilitation occurrence (Figure 3 ; Appendix S5 in Supplementary material). In absolute terms there are far more occurrences of heterospecific facilitative interactions than conspecific for all growth forms of terrestrial plants (Figure 3a) . If the interactions are expressed as percentage of total con-and heterospecific interactions, woody nurse species still showed a dominance of heterospecific interactions while annual and perennial herbaceous nurse plants showed a different pattern with a prevalence of conspecific interactions (Figure 3b ). It is remarkable that the occurrence of nitrogen fixer species as nurse is 30.8% in heterospecific interaction but only 1.2% in conspecific facilita- tion. Differently, annual and perennial nurse grasses are more commonly reported in conspecific (24.1%) than in heterospecific interactions (9.1%). On the other hand, in aquatic environments the occurrence of positive conspecific interactions for sessile animals is higher than heterospecific cases both in absolute and relative terms ( Table 2) .
As expected, the relative occurrence of different mechanisms of facilitative interactions significantly differed between terrestrial and aquatic environments (Figure 4 ; Appendix S6 in Supplementary material). Improvement of above-ground microclimate, increase of soil nutrient fertility, and associational refuge are the most common mechanisms in terrestrial environments. Obviously, the mechanisms related to fire regime and availability of soil water have been recorded only in terrestrial environments (Figure 4) . Differently, the three most frequent mechanisms in aquatic environments, accounting for 73% of cases, are in order of importance: associational refuge, safe site for juvenile attachment and improvement of above-ground microclimate. The availability of safe site for attachment and the release of chemical attractors have been found only in aquatic environments, where these mechanisms resulted more frequently in conspecific than in heterospecific interactions (Figure 4b ). In terms of absolute numbers, all the reported mechanisms were far more important to driving heterospecific rather than conspecific interactions among higher plants in terrestrial environments, with the exception of changes in fire regimes (Figure 4a) . When data were expressed as a percentage of the total con-and heterospecific interactions, three mechanisms (increase of soil nutrient fertility, improvement of aboveground microclimate and associational refuge) have been mostly reported for heterospecific interactions (Figure 4b ), while the improvement of soil biotic conditions and the enhancement of fire regimes contributed more to conspecific cases (Figure 4b ). It is interesting that 36.5% of conspecific interactions were due only to three mechanisms (increase of fire regime, improvement of soil biotic conditions and decrease of soil nutrient fertility), but they accounted for only 1.7% of heterospecific facilitative interaction. In contrast, three other mechanisms (enhancement of soil nutrient availability, associational refuge and seed-trap) were responsible for 44.5% of heterospecific interactions, while determining only 16.7% of conspecific cases. The reduction of heterospecific competition is a mechanism far more commonly reported in conspecific than in heterospecific facilitation (Appendix S6 in Supplementary material). In our analysis we did not consider reproduction-based facilitative interactions due to pollinators. Although this kind of evidences mostly involved conspecific interactions, their inclusion in our analysis would have not affected the overall results because of their very limited number (12 cases, including all cases reported by Callaway [2007] ).
Hypotheses evaluation
Negative feedback on conspecific Mazzoleni et al. (2007) reported 138 cases of conspecific negative plant-soil feedback regarding mainly conspecific individuals, but not different species (Appendix S3 in Supplementary material). By the cross-comparison between terrestrial facilitation and negative feedback data, we found that 26 nurse species (5.5% of the total) also showed direct evidence of conspecific negative plant-soil feedback (Table 3 ; Appendix S3 in Supplementary material).
There is certain indirect evidence that some seagrasses such as Posidonia oceanica, Zostera marina and Thalassia spp. (Appendix S3 in Supplementary material) can induce negative plant-substrate interactions by the accumulation of hydrogen sulfide in their root zone. Among sessile animals, no such evidences have been reported in the literature, but one example has been described for the mobile clam Mya arenaria (Palacios et al. 2000) . Here, the accumulation of the shells provides refuge for the predator crab that, in turn, negatively affects the clam recruitment. On the contrary, we found 11 examples of positive animal-substrate feedback induced by chemical cues released by adults to attract conspecific juveniles (Appendix S2 in Supplementary material).
In our literature survey, 198 terrestrial plants have been found with a recruitment distribution consistent with the hump-shaped model (Appendix S4 in Supplementary material). Hump-shaped recruitment distribution has been mainly reported for trees and shrubs (85% and 10% of cases, respectively) whereas only few cases referred to herbaceous plants and cacti (5%). Only the case of the giant kelp Macrocystis pyrifera has been reported for aquatic environments (Dayton et al. 1984) , where instead other 22 cases (Appendix S2 in Supplementary material) referred to juveniles preferentially establishing over or just nearby their conspecific adults. These examples of species-specific attraction include barnacles, mussels, polychaetes and algae (Appendix S2 in Supplementary material).
The cross-comparison between terrestrial facilitation and hump-shaped data evidenced this type of recruitment distribution for 51 species reported also as nurse, representing the 10.7% of all terrestrial nurse species (Table 3 ; Appendix S4 in Supplementary material).
Competition levels in conspecific and heterospecific interactions
Two reviews (Connell 1983, Goldberg and Burton 1992) have explicitly compared the strength of conspecific and heterospecific competition in terrestrial plants finding no significant differences. Both studies considered few experimental cases (n = 22 for Connell; n = 23 for Goldberg and Burton) carried-out in ecosystems (mostly grasslands) not representative of all conditions where facilitative interactions often occur (Flores and Jurado 2003 ; see Appendix S1 in Supplementary material). Regarding the competition between beneficiary species, some evidences of competition have been observed (Moro et al. 1997 ), but Moles and Westoby (2004) reported that juveniles usually occur at too low density to show competitive interactions. A large fraction of the studies in our database reported a density of beneficiary species very low under their nurse plants, suggesting that both con-and heterospecific competitions among beneficiary species are likely negligible.
Recruitment requirement of nurse species
Many nurse species (190 cases, 40.1% of all nurses) require facilitation during the establishment phase, i.e., when juvenile they are also beneficiary species (Appendix S1 in Supplementary material). Among these, 83 (17.5%) have been reported to benefit by their own species, while 111 are nursed only by heterospecific (23.4%). In any cases, 35 out of the 83 self-facilitated species are also nursed by heterospecific. Therefore, only 48 species (10.1% of all nurses) rely only on conspecific to enhance their own recruitment.
Research effort
The analysis of papers reporting on the whole community or an unbiased subset of coexisting species included a total of 542 cases of facilitative interactions. The frequencies of con-and heterospecific facilitation were 5.5% and 94.5% respectively, i.e., similar to those recorded in the whole database (see Table 2 ). This shows a lack of difference the between results based on the whole dataset and those from the unbiased subsets.
Discussion
Facilitation in terrestrial and aquatic ecosystems
Every living organism modifies its surrounding physical environment (Jones et al. 1997) . It is well recognized that higher plants are able to modify both above-and belowground environment, thus changing their own performances and those of coexisting species. Both Clements (1916) and Watts (1947) succession theories pointed out that plant species can alter environmental conditions reducing their suitability for themselves and their own recruitment. On the contrary, according to Wilson and Agnew (1992) a plant would modify the environment to benefit itself and its off-springs. All these models have some empirical support, but their relative importance in different environments has not been assessed so far. This paper indicates that a negative feedback is prevalent in terrestrial plant communities compared to aquatic environments.
Heterospecific facilitation with nurse replacer species can cause directional (Connell and Slatyer 1977 , Chapin et al. 1994 , Callaway 2007 or cyclic species successions (Watt 1947 , McAuliffe 1988 . The prevalence of heterospecific facilitation in terrestrial systems and the significantly higher occurrence of nurse replacers among beneficiary species seem rather surprising in evolutionary terms, but it is consistent with the recent findings of Verdú (2007, 2008) on higher occurrences of facilitative interactions between distantly related plants. The observed replacement of nurse species by beneficiaries (Yeaton and Manzanares 1986 , McAuliffe 1988 , Valiente-Banuet et al. 1991 , Flores-Martinez et al. 1994 , Callaway 1995 ) may enhance species diversity at local scales in time and space (Bruno et al. 2003) . Differently, conspecific facilitation on the own recruitment can lead to the establishment and selfmaintenance of persistent and almost monospecific stands (Wilson and Agnew 1992) . In other words, when positive feedback is operative, and in absence of external disturbance (Petraitis and Latham 1999) , other structural species (sensu Huston 1994) are locally excluded from the community and only interstitial species can coexist. Many examples of conspecific positive feedback have been reported for aquatic plants, algae, and sessile animals such as barnacles, mussels and polychaetes, which are consistent with the low diversity at the neighbourhood scale of aquatic plant systems. This pattern has also been found for terrestrial plants, referred as selffacilitators including trees (Catovsky and Bazzaz 2002) , annual and perennial grasses (DAntonio and Vitousek 1992) , and forbs (Adema and Grootjans 2003) , but its occurrence is surprisingly rare. Interestingly, in terrestrial systems, the largest percentage of conspecific facilitative interactions is associated with herbs, especially annual and perennial grasses and often attributed to the so called fire-grass cycle (DAntonio and Vitousek 1992) . It consists in the accumulation of easily burnable above-ground litter that enhances the system flammability, thus increasing fire frequency and eliminating the potential competitors (mainly shrubs and trees) because of high post-disturbance recovery ability of the grasses (DAntonio and Vitousek 1992). Another important and relatively common mechanism in conspecific facilitation is the modification of soil microbial community, such as enhanced mycorrhizas inoculum, close to conspecific adults, improving juvenile growth and survival (Dickie et al. 2007 ). This has been observed for herbaceous species in grasslands (Diez 2007) and woody plants in primary (Nara and Hogetsu 2004) and secondary succession (Dickie et al. 2007 ).
All heterospecific facilitative interactions were based on the improvement of environmental conditions: 89% of the total cases concerned the above-ground microclimate, soil fertility, soil abiotic conditions and the protection of beneficiary species from herbivores. On the other hand, conspecific facilitation was related to improved environmental conditions in 73% of cases, while the remaining 27% were due to a decline of plant cover or reduced system productivity, indicating an induction of negative environmental conditions. Specifically, nurse plants can cast a very deep shade (Catovsky and Bazzaz 2002) , enhance soil salinity (Vivrete and Muller 1977, Wilson and Agnew 1992) , reduce nutrient availability by increasing leaching (Adema and Grootjans 2003) or producing recalcitrant litters (Northup et al. 1998, Catovsky and Bazzaz 2002) , acidify the soil (Catovsky and Bazzaz 2002) , accumulate litters at the soil surface (Lenz et al. 2003) or increase the fire regimes (DAntonio and Vitousek 1992) . In these conditions, conspecific facilitation emerges because heterospecific competition is sharply reduced by the worsened environmental conditions. A good example of this has been described by van Breemen (1995) for Sphagnum bog systems. Sphagnum mosses create an acidic, nutrient-poor, cold and anoxic environment which confer an indirect ecological advantage by reducing the heterospecific competition with more competitive higher plants. This process of producing conspecific facilitation has been observed in terrestrial systems, but never reported in aquatic environments.
Enhanced soil nutrient fertility is a common mechanism behind facilitative interactions (Callaway 2007) . We observed that enhanced soil nutrient fertility is recognized as a responsible mechanism of the so called islands of fertility (Pugnaire et al. 1996 , Bonanomi et al. 2008 ) through the recycling of the fixed nitrogen and the local accumulation of organic matter (Schlesinger et al. 1996) , but it remains more frequent for heterospecific than for conspecific interaction. This rarity of positive conspecific interactions in nitrogen fixer nurse plants is also consistent with the fact that they often undergo conspecific negative plant-soil feedback. Model studies showed that the occurrence of negative plantsoil feedback on pioneer species could generate faster successional replacement , as for the rapid disappearance of nitrogen fixers during succession (Walker 1993 ). However, it should be considered that the rarity of conspecific facilitation in nitrogen fixing plants is also consistent with the nurse recruitment requirement hypothesis, given their lower frequency as beneficiary than as nurse (Callaway 2007) .
Hypotheses evaluation
This study has demonstrated the rareness of conspecific facilitation in terrestrial plant communities which is not the case for the aquatic systems but why this happens? The answer is not yet clear, but some logical conclusions can be drawn. The negative feedback hypothesis is corroborated by the observed diversity between terrestrial and aquatic environments in the incidence of both conspecific negative plantsoil feedback and hump-shaped recruitment distribution. On the other hand, in aquatic conditions the rarity of conspecific negative feedbacks for both plants and sessile animals is coherent with a high frequency of observed conspecific facilitation. An intriguing question is why conspecific negative feedback is common in terrestrial systems (review in Mazzoleni et al. 2007 , Kulmatisky et al. 2008 ) and rare in aquatic environment. Our suggestion relies on the nature of the interactions between sessile organisms and the attaching substrate. In general, terrestrial plants gain water and nutrients from the substrate interacting with a wide range of microbial species and organic molecules (Bais et al. 2006) . Conspecific plant-soil negative feedbacks arise by soilborne pathogens and phytotoxic compounds affecting both root growth and uptake of water and nutrients. All these processes are almost absent, with the exception of seagrasses, in aquatic sessile organisms that mostly exploit the substrate as mechanical anchorage. In principle, it cannot be excluded that other processes may also contribute to the observed patterns, e.g., conspecific negative plant-soil feedback might operate synergistically with heterospecific competition (Van der Putten and Peters 1997, Mazzoleni 2005, Casper and Castelli 2007) . More direct experimental works will certainly be useful to clarify this issue.
Concerning the nurse recruitment hypothesis, the available evidences indicate that this process alone cannot explain the rarity of conspecific facilitation because many nurse species do require facilitation. Moreover, among the nurses showing facilitated regeneration niche, the species gaining benefits by heterospecific nurses largely prevail on those requiring sheltering from conspecific. It is also worth to repeat that our approach has been rather conservative in rejecting this hypothesis because the minor bias introduced with our analysis could lead to a potential underestimation of the number of nurse plants requiring facilitation in the recruitment phase.
Regarding the competition level hypothesis, no consistent evidence has been found in the literature. However, some uncertainty might remain because of the above-mentioned caveats related to the amount and quality of the data available in the literature (Connell 1983 , Goldberg and Burton 1992 , Moles and Westoby 2004 .
The role of the research bias hypothesis in determining the rarity of conspecific facilitation perhaps has remained the least clear. On one hand, the analysis of papers that screened the whole community of coexisting species did not provide any evidence of existence of a possible research bias in favor of heterospecific interactions. Still it is not possible to fully discard the chance of a record bias in determining the rarity of conspecific facilitation for terrestrial plants. We discuss these points further. In terrestrial and aquatic communities, both terrestrial and marine ecologists have long worked on facilitation (Bruno et al. 2003) , but systematic and quantitative comparison in these two environments had not been attempted so far. It is interesting to report two points of view: the terrestrial biologists Wied and Galen (1997) grouping effects….The reasons that explain why terrestrial and marine ecologists should have selectively focused on heterospecific and conspecific facilitation respectively are unknown. A possible explanation could be that these systems are different in their spatial structure, with terrestrial systems usually more diverse than aquatic at the neighborhood scale (Worm and Karez 2002) . This could have lead researchers to focus on conspecific-related questions in aquatic systems. In addition, it is also possible to suppose that the higher number of heterospecific facilitative interactions in published studies just arise because of their much higher number compared to that of possible conspecific combinations (i.e., the positive effect of any nurse species can be tested only on one conspecific species but on many heterospecific species). But this is not very convincing because at community level the number of possible heterospecific interactions is limited to coexisting species, and, in any cases this effect should be operative in both terrestrial and aquatic environments. It could also be stated that a higher occurrence of conspecific facilitation would drive to reduced local diversity by generating community-scale positive feedback (Bever et al. 1997 , Bever 2003 . In this scenario, conspecific facilitation would be the cause and not the consequence of the observed low local diversity at the neighbourhood scale of aquatic plant systems. Our simple interpretation is that in aquatic systems, under the influence of preliminary field observations, the research attention has been lead towards the most common type of interactions that were conspecific. In order to definitely solve this question, future studies should include all possible con-and heterospecific interactions in a range of plant communities of different environments.
In conclusion, the high frequency of non-facilitated regeneration niche, negative feedback and hump-shaped recruitment distribution in terrestrial plants could contribute to explain the observed rarity of conspecific facilitation. Differences in the research effort and a higher competition between conspecific are not directly supported.
